U.E, Sowlt

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. VIEA NUMBER: 3.2.0.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART FAME: ELBOW STACK LRU/ORL PART NUMBER: 3278890-506 QUANTITY: I
PART NUMBER: 3278590-304 LRIVORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL N(:N/A DRAWING/REF DESIGNATOR: 3278830 SUBSYSTEM:
ZONE/LQCATION:N/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:

CRITICAL ITEM?:__Yes SUCCESS PATHS:
CRITICALITY CATEGORY;__ 272 SUCCESS PATH REMAINING:
END ITEM NAME:
END ITEM FUNCTIONAL:

EXD ITEM CAPAEILITY:
END ITEM FAIIL.URE TOLERANCE:

REDUNDARCY SCREENS: (ORBITERAPACE STATION

A - Pass
B - Pass
C - Pas:
D -

FLCNCTION: (1) Unzable to open Llens irig. () Degradatian of picture contenc
. Warst Cage: Loss uf mission critical video.

FATLURE MODE CODE:

FAILURE MOPDE:A malfunction in the camera 1o vause 1otal lass of the active video
signal or yldeo informaticon, that will provide degraded performance.

CARISE:

Al Power Supply

A2 CCD ¥ideo Detoct

A3 ALCIAGC!Color Bal
" A4 Com Dec'Tel Enc

ASTCVCXWIH

A RBEG Video proe.

AT NTEC encorder

A0 CCD Drive

CCD Frism Assy

FAILURE DETECTION:
EEMAINING PATHS:
EFFECT/ MISSION FHASE:

CORRECTIVE ACUTION:
N

-FAILTIRE EFFECTS-
EXD ITEM/LRUORU/ASSEMBLY (Lass of camera quiput.

. SUBSYSTEM/XNEXT ASSEMBLY/INTERFACE: Navideo
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

vEA NUMRBRER: 1.2.0.0 ORIGINATOR: JSCMM ASTRO PROJECT: GFE

PART NAME: ELBOW STACK LRI/ORU PART NITMEER: 3278890506 QUANTITY: L
FART NITMEER: 3273890-504 TRU/ORY PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NO:N/A DRAWING/REF DESIGNATCHR: 3273831 SUBSYSTEM:
ZONE/LQUATIONN/A EFFECTIVITY/ATFECT STAGE:

HAZARD INFORMATION:

HAZARD: YES__ NO X__
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TOME TO CORRECT:

FATLURE DETECTION/FLIGHT:

FEEMAREKS:
-RATIONALE FOR ACCEPTABILITY-

‘A) DESIGN:

The €TV is comprised of 21 electrical subassembliag; 15 subassemblies are GE Astro Space designed and fabricated using .
standurd printed circoit board type construction. The remainieg six asgemblies, 3 sicpper motors, 1 brushless mator,

Prizna/CCD, and Lens agsembly are vendor suppliss components, which have been specified and purchased according to GE
Specification Contrul Drawing (SCD) prepared hy Engineering and Product Assurance. Specifications per the SCD are
periormance. test, qualification, and aceiplance requirements for 2 procured picce of equipment. Parts, malerialg, processes,

and design guidelices for the CTVC program are specified in accordance with GF 326775%. This document defines the

program requirements,

MI-STD-975G will scrve as the primary EEE parts sclectiop decument, T a suirable part cannot be found in MIL-5TD-
$756, enuivalent EEE parts that meei the fellowing criteriz may b substituted. -

Microcircait s are at least Class B Level, MOL-M38510 devices. All micrucireuits are subjected to Particle Impact Noise
Dctection (PIND) testing per MIL-STD-883C (except for devices with plastic epoxy-type pachage).

Diodes and transistors are 2f least JANTXV in accordance with MIL-5-19500. All semi-conductory in cavity-type packages
ave subiected to PENTY lesting per MIL-STD-RR3C. Relays are procured to the highest military establisbed reliakility (MIL-
ER-) Jeved g8 defined io MIL-R-3%016. Rclays are subject to PIND testing.

Switches are procured to ut ease the second highest level of the appropriate MIL-ER specification. Switches are subjerted to
either PIND tosting or X-ray analyzis as appropriate, for particle detection.

Other discrere parts are procored to at lepst the second highest fevel of the appropriate MIL-ER specification.
Parts not included iu the above documents have been used in the design anly afeer a non-srandard paris acceptance request

(NSPAR) has been prepared, submitted to Reliability Assurance Engineering and approved for use im the gpecific
application(s) defined in the NSPAR by NASA-J5C.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. VEA NUMBER: 3.2.0,0 ORICINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELBOW S$TACK LRU/ORY PART NUMBER: 32768%0-504 QUANTITY: 1
PART NUMBER: 3278890-504 LRIVORU PART NAME: CTV( SVSTEM: CCTV
L5¢ CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3178390 SUBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

Worst case circuit analyses have been performed end documented for all circuit designs w demonstrate that suffickent
aperating margios exist for all operating conditions. The analysis was worst case in that the value for cach of the variahie
parameiers wes set 10 limits that will drive the sutput o 2 meximuem (or minj. A component approach review and analysis
was conducted io verify thal the applied stress on each piece part by the temperature extremes identified with evironmental
qualificalion testing does not exceed the stress derafing valucs ideotified in GE 3267758,

1u eddition, gn shjective examination of the desipn was perfarmed through a Preliminary Design Review and Critical Design
Review to werily that the CTVC met specification and contractual requiremants,

BARE BOARD DESIGN

Al boards are consirucied from taminated copper=tlad epoty glass sheets per MIL-P-13049 Type G Grade A Circeit
connections are made through pristed traces which run from point ta point on the board surfaces. Every trace bermicates at
an annular ring. The annular ring surrounds the hole in which a component lead er terminal is located. This ring provides a
footing for the solder, ensuring pood mechznical and electrical performange. Iis size aod shape arve governed by MIL-P-
55640 as are trace widths, spacing and routing. These requirements are reierated specifically in drawiog notes to further
assure compliance. ¥ariation between the artwork master and the fioal product (due to irregularities of the etching process)
are also controlled by drawing notes. This prevents meking defective boards from good artworks. Holes which house na lead
or terminal, but aerve only o electrically interconnert the difTerent board layors, contain stitch bars for mechanical mpport
and increased reliability.

[he through holes are drilled from a drill tape thus elimingting the pogsibility of human error and allowing tight confrol over
hole and &nnular Fing soneealricity, an impartant reliability criterion. After driiling and erching, all capper cladding i3 tim-
lead plated per MIL-STD-1495, This proviges for easy and relizble solderiog at the time of board usembly, even afier
periods of prolonged storape

BOARD ASSEMELY DESIGN :

All components 2re installed in 3 manner which assures mazimum reliahility. Component leads are pre-tinned, allowing
total werting of solder joints. All leads are formed to provide stress reliefl and the bodics of large componénts are siaked.
Speciul mounting and handing insleuctions are Included in each drawing requirad after final assembly. The beard i cpated
with urcthsnc which protects againgt humidity and contamination.

(B) TEST; ACCEPTANCE

Each assembly is individually tesied to a KASA apprm'ed Accepiance Test Procedure TP-AT-3276808, The Acceptance Test
Fiww is datailid in Table 1. .

QUALTFICATION TEST

The qualificarion unit is identical to the flight unit configuration io every respect and ic used solely for the purpose of
qualification testing. The Qual unit must suceessiully complete accepiance testing prior tn entering gualification testing. The
Qual unit has paesed tesling in accordance with NASA approved test plan PN-C-3273820. The Qualificaticn Test Flow is
detailed in Table 1.

DPERATIONAL TESTS

In order to verilly that CCTY components are oporatignal, a 1est must verify the health of all the command related
components frum the PHE (A7A1) pandl switch, theoupgh 1he REU, thruugh the s¥ac lines to the Camera/PTT, to the
Camera/PTU command decoder. The test must also verily the camera™ sbility to produce video, the VET's ability to route
video, and the moniter's ability to display video, A similar test would be performed to verifv the MDM command patb.

Bre-Launch on Orhiter TestTn-Flight Test
1. Power COTV System.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

WMEA NUMEBER: 3.2.0.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
FART MNAME: ELBOW STACK LRU/ORD PART NUMEER: 31788%1-304 QUANTITY: 1
FART NUMBER: 327583504 LEU/ORL PAKT NAME: CTVYC SYSTEM; CCTV
LSC CONTROL NO:N/A DRAW INGTREF DESIGNATOR:3ZTEH) SUBSYSTEM:
ZONELOCATION:N/A, EFFECTIVITY/AFFECT STAGE:

A Via the PHS panel, selact u monitor,

3. Send “Camera Power Ou™ command from ¢he
the PHS panel.

4. Sclect *Extarnal Sync” on monitar-

N Observe video dizplayed 40 moniter.

Mote that if viden oo monitor 15 synchronized
{i.£., ttahle raster).
i sond Fan, Tilt, Focus, Foom, ALC, gnd Gamma
commands and vissally (either via the
monitor or direct observation) verify
cperation.
T. Select downliok as destinatinn and
cEmera under test 4% sonrce.
S CHhserve video routed to dowmlink;
9. Bend “Camera Power 0T command via PHE panel.
10. Repeat Steps 3 through 9 except issue
command via the MDM command path

(C) INSPECTION:

Procurement Control - The CTVC EEE Paris and hardware items are procured from approved vendors and suppliers,

which meet the requircments set forth in the CTVC contract Resident DFRO personnel review all procurement documentt .
in establish the need for GSI oo selected pacts (PAT 517). :

Incoming Inspection and Storage - Incoming Quality inspections are made on all received materials and parie. Results are
recorded by lot and retained in file by grawing and contral numbers for future reference and traceability, All EEE parts are
subjected to incoming acceplance testy as catled for in PAL 315 - Incoming Inspection Test Lustructions, Incoming Fight parts
are further processed i accordance with GE 18464684 - Preconditioning and Acceptance Hequirements for Electronic Farts,
with the exception that DPA and PIND tesiing is not perfarmed. Mechanjcal itéms are inypeeted per FAl 516 - Incoming
Inspection Instroctions Tar Mechanica! items, PAT 305 . Incoming Quality Control Inspection Instruction, and TAT 612 -
Pricedure for Processing incoming or Purchased Parts Designated for Flight Use. Accepred items are delivered (o Faterial
Controlled Sigres and retained under specified conditions until fabrication is required. Noo-conforming materials are held
for Material Review Boerd (MRB) disposition. (PAIL-307, PAT IQ(-531)

RBoard Aevernbly & Tect - Pricr to the seart of TVC board assembly, all items are verified te be correct by stock room
persanngl , as the items are accumulated to form a kit. The Hems are verificd again by the aperator wha atsembles the bit by
checking against the as-built-parts-list (ABFL). DPRO Mandatory lospection Peints are designed for all printed cirewis, wire
wrap and welded wire boards, plus harpess conneciors for soldering wiring, erimping, solder splices and quality
workmanship prior to corting of the compenent side of boards and sleeving of harnesses,

L3 C Boards

Specific CTVC hoard assembly and tesi instructions are provided in drawing notes, and applicable documents are called owt
in the Fabricatipn Procedue: and Record (FPR-3278520) 2nd parts list PL32TEE%). Thest include Frocess Standard RTV-
566 2280831, Process Standard - Bonding Velern Tape 2280889, Specification Soidering-Specification Crimpiog 2230800,
Specification - Bonding and Séaking 2220878, Specification - Marking 2280876 Specification - Workumanship 3030035,
Specification Bonding and Staking 22BDR7TS, specification-Wave Solder 2280821, Specification-Frinted Wire Board Staking
2250851, Specification-Reflow Soldering 2280734, Specification-Soldering Surface Mount Cemponents 20005710,

CTVC Assembly and Text : . .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. VIEA NUMBER: 3.2.0.0 CRIGINATOR: JSC/MM ASTRO PROJECT: GFE __
PART NAME: ELBOW STACK LRUAORT PART NUMEER: 32788%0-506 QUANTITY:
PART NUMBER: 3278820-504 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:3175890 SUBSYSTEM:

ZONEAOQCATION:N/A

EFFECTIVITY/AFFECT STAGE:

An open box test is performed per TP-IT-3278%%0 and an Acceptance Test per TP-AT-3274¥%0, including vibration and
thermal vacoem. Torgue’s are specified and witoessed, traceability numbers are recorded and calibrated taols are checked
grier to use. GE Quality and DPRO inspections are performed a the completion of specified FPR nperations in accordance
with PAL-204, PAL-205, and BAT-217. DPRQ persannel witness CTVC buttyn-up and eritical torquiag.

The CTVC is packaped acesrding 10 CCTY Letier 8011 and 2230746, Procest Standard for Fackaging and Handiiog
guidelines. All related decumentztion including sssemhly drawings, Farts List, ARPL, Test Data.€lc., is paibered and beld in
s decumentation foldur assigned specifically to each atsembly. This folder is retagined {or reference, An EIDP is prepaced for
euch acsembly in accordance with the Tequirements nf W5-2593176. GE QC and DFRG personnel witness crating,
packaging, packing, and marking, and review the ELDP for compleieness and acturacy.

TABLE 1. ACCEPTANCE TEST FLOW

1, RODM AMETENT PERFORMANCE TEZT
Test conducied per the requirements of NASA

approved TP-AT-3278800.

2. ACCEPTANCE VIBRATION EXPOSURE
20-80 Hz: 3 db/octave rise from 0.01 p2/Hxr 10 0.04 g2/Hz
B0-350 Hz:0.04 2/
350-2000 Hz: 3 dB octave decreased o 0.006 g2/H=
Test Turaion: 1 minude/axis, operating
Test Level: 6.1 grms

3. POST-YIERATION FUNCTIONAL CHECK
Test conducted per the requirements of NASA
approved TP-AT-32733%),

4, ACCETTANCE THERMAL-VACLTM EXPOSURE
1.5 eycles total from +115 deg F to +14 deg F.
Afer stabllization, one hour minimuam duration
at each plateau. In-sipec functinnal tests performed at
cack plateaw.

5, POST-ENVIRONMENTAL FPERFORMANCE TEST
Roam ambient peyformance test conducted in
accnridance with NASA approved TAP-AT-327§350,

TABLE 2. QUALYFICATION TEET FLOW

1. EXL
Conduct tests ren in accordance with the requicements of
SL-E-D002B, including TS01, CS02, C506, TTO1, CEG1, and CEQJ.
Radiated tests run in  accordance with SL-EOD0LE including RS02, RSQ3,
and RE(2 gxcopt 1hat the test cuerent for BS02 was 2 amps in licu of 20 amps.

2. DUAL FORACCEPTANCE VIRRATION
10-80 Hz: Zdbfeciave increasing 1o 0,067 gl/H2
80-350 Hz: 9.067foctave
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

VIEA NUMEBER: 3.20LU ORIGINATOR: JSCMM ASTRO PROJECT: GFE
PART NAME: ELBEOW 5TACK LRIVORL PART NUMEEE: 32783M-504 QUANTITY: 1
PART NUMBER: 3278E%0-504 LEI/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:RSA DRAWING/REF DESHGNATOR:I2TIRM SUESYSTEM:
ZONELOCATION: N/A EFFECTIVIT Y AYFECT STAGE:

350-2000 Hz: Jdbioctave decrease
Test Level: 7.8 grms
Test Duration: 5 minutes/axis aperating

L F ALYFICATION VIBERATION
20-70 Hz: & dB/octave increasing to 0.4 p2/Hz
T0-500 He: 0.4 g2/H=z
S00-2000 Hz: &db/octave decrease
Test Level: 1%.] grms
Test durstion 3% minputesfaxiz non-operating

4. THERMAT-VACTTIM
7.5 cyeles otal from +130 deg F 1o +9 deg F.
After stabilizativn, ¢ne hour migimum duration =l cach plateau.
In-spec functional tests performed at each plateaw.

5. THERMAL SIMULATHIN

Worst case bot and ¢old mission environments
simulated in vacuum. During hot case, in-spee
operaton it required Tor 6 of 14 consecutive hours.
During cold case, in-spet aparation is required for
14 ronsecutive hours.

6. _HUMI
120 buurs csposure to 85% RH including four 24
kour temperature cvcles nf +60 deg F (o +1235 deg
¥, non-pperating.

(D} FAILTURE HISTORY:
None

(E) OFERATIONAL TI5E: ]
Loss of video. Possible Loss of majne mission objectlves if RME elbow is required.

(FY MAINTAINABILITY:

PRETARED BY: Bemnie Embrey FEVIS1ION:

DATE: February 17, 1095 WANWVER NUMEER
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